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NATIOWAL ADVISORY COMMITTEE FOR ARROWAUTICS

TECHNICAL NOTE NO, 532

METHOD OF TESTING OXYGEN REGULATORS

By Harcourt Sontag and E, L, Borlik
SUMHARY

A msthod of calibrating alrcraft oxygen regulators
hgs been devised in which the instruments in one chamber
are maintained at a constant air pressure corresponding
to any desgired altltude while the volume flow of the de-
livered oxygen 1s measured in another chamber at the game
pressure, Lt has the chief advantage over methods hither-
to uged in that a condition of steady flow of the oxygen
through the gpparatus is obtained before the rate of flow
igs measured, The method is also very useful in disclosing
any leaks which may occur in the regulators at the hilgher
altitudes only and thus are not detectabls at ordinary at-
mospheric pressures, The apparatus is described and an
example of the computation of the actual rate of flow is
given,

The work was carried out at the National Bureau of
Standards, in part with the coopsration and financial as-
sistance of the National Advisory Commitftes for Aeronautics.

INTRODUCTION

Oxygen regulators are used in alrcraft to regulate
automatically the flow of oxygen to the pilot from a cylin-
der at pressures ranging up to 150 atmospherses. The ilanstru-~
ments are adjusted to open at an altitude of about 15,000
feet and thersafter to deliver oxygen at g rate which in-
creases with the altitude. The ingtruments are tested %o
determine the rate of flow of oxygen delivered at various
altitudes and to detect any mechanical defects which may
exist, A method of testing oxygen regulators was desired
in which the rate of flow could be determined more accurate-
ly than by the test method previously used (referesnce 1)
and by which instruments defective mechanically could Dbe
detectsd, The new method of test fulfills these require-
ments. .
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DESCRIPTION OF TEE APPARATUS

The apparatus includes an girtight chamber such ac a
bell jar and base B (fig. 1), a gas meter &, a tank D
of large capacity, and e vacuum pump P, In additlon there
is a U~tube water manometer M, and a mercurial haromoter
A, Several valves connected as shown in the figure are ro-
quired for regulating the pressure within the apparatus.

The oxygen gas issues from the regulator under tost
and passes through rubber tublng of large internal dlameter
to the vertical manifold in the bell jar. From there it
flows through tubing of one~half inch bore to the inlet
gido of the meter. From the outlet of the meter it flows
into *tho tauk through the line which includes valve V..
(Soo Tig. 1.}

A berlows-type gas mebter (fiz, 2) mounted in an iron
case which is capable of operating under line pressures
ranging from atmospheric pressure to about 25 incheg of-
mercury below atmospheric mressurc is used, Its indicat-
ing mechanism is equipped with a tangent arm makling nine
revolutions per cubic foot of gas flowing through the me~
ter. A pressure across the metoer amounting to abouit ono
half inch of water is required for operation.

In order that the meter be absolutely airtight all
openings are sealed and a heavy glass window i1s insgtalled
directly over the tangent arm so that its movement can bo
observed. An index marked on the window is an azid in
counting the whole and fractional part of the revolutions
through which the tangent arm turns during a test.

The mercurial barometer measures the absolute pres-
sure, or equivalent altitude, in the bell Jar.

The temperature of the oxygen is measured by a mer-
cury-in-glass thermometer 'placed in the entrance chambor
of-the meter.

Rubber tubing is used for the bypadgs across the two
cads of the water monometer. Valve V3 is a quick-re-
leasing clamp which pinches the walls of the tubing to-
gether. Valve V, 1is also & clamping valve, not quiclr
releasing as it 1g used to regulate the oxygen flow.
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Valves Vg and Vg are metallic needle valves with the
gseat part of the valve connected to the bell jar, With
this arrangement the stuffing boxes may leak and not af-
fect the pressure in the bell jar. :

Valves V; are small, hlgh—pressure,_ﬁeedle valves
connected %o a manifold so that the stuffing boxes are

subjected to the high-pressurs oxygen only when the valves

are open, Each of thesse valves controls the flow of oxy-
gen to one regulator when provision is made for mountlug
more than one regulator on the base of the bsll jar. An
extra valve 1s used to exhsust the gas from the mgnifold
when desired, A filter i1s placed in the line betwesn the
manifold and the oxygen cylinder to clean ths oxygen,

Each regulator is individually vibrated durlng tests
by meang of an electric buzzer, '

OPERATION OF THEY APPARATUS

Initially valves Vi, V,, V., and Vg; are closed
and valves Vz; and YV, are open, The pressure of the
wvhole system including the bell Jjar, meter, and tank is
reduced to that corresponding to the altitude at which
the test is to be made. Valve V., 1is then closed and
the pressure in the tank is reduced to at least 30 mm of
mercury less than the pressure in the bell jar and meter,
While oxygen is flowing during a test, the tank is being
evacuated continuously by means of the vacuum pump.

With approximately the correct pressure in the bell
Jar, valve V, is closed and the desired pressure, or
equivalent altitude, in the bell jar is obtained by ad-
Justment of valves Vg; and Vg.

Vaelve 7V, 1s opened glightly until the manomeéter
shows that fthe meter is at a pregsure slightly less than
that in the bell jar. This is done so that the rapid in-
crease 1n pressure obtained when the oxygen is turned on
will not blow the water out of the manomebter before pres-
sure adjustments can be made,.

Valve is opened and the electric vibrator mount-
ed on the ins%rument to be tested ig started.
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Valve V, leading to the regulator to be tested 1s
then opened in order to start the flow of oxygen. At the
same time valve V., 1is opened and adjusted so that the
absolute pressure in the meter is the same as that in the
bell jar, as indicated by the water manometer. Valve Vg,
magt be continuwously adjusted during tho test to leep this
pressure equal. After the gas is flowlng steadily the time
for a given number of revolutions of the tangent arm of the
meter 1s obtained with a stop watch,

When testing more than one insgtrument it 1s necessary
to close valve V, 1leading to the first instrument testod
and after the flow of oxygen has stopped to open the valve
leading to the second instrument.

The change to any other degired pressure in the Dbell
Jar and system is made by adjusting valves Vs and Vg
with valves 7V, and V: olosed and with valve V, open.

The accurate determination of -the rate of flow dopends
pPrimarily on:

'1. Accurate control of the pregsure of the ozygeon in
the meter go that it is equal to the ailr pres-
sure in the bell Jar.

2. Accurate timing of the revoiutions of the tangent
arn of the mebter,

3. Low pressure drop in the line between the oxygen
regulator and the meter.

4, Constant pressure in the bell Jar during the toat.
TESTS AT LOYW TEMPERATURE

In testing oxygen regulators at low temperabture it i3
necessary that the meter be maintained at room temperature.
Oanly the bell Jar, therefore, is installed in the tempera-
ture chamber and the lines connecting with the rest of the
apparatus are brought out through a hole in the wall of the
chambers A4 ten-foot length of copper tubing of large in-
ternal diameter (onc half inch) is used to connect the mani-
fold in the bell jar with the meter, Most of this length
ig outside of the temperature chanber. The line is broken



N.,A,C.LAs Technicsal Note Ho. £32 . B

about its midpoint and then Joined by a short pilecs of rubdb-
ber tubing thus reducing the loss of heat from the meter
by conduction glong the copper tubs., It was found with
this arrangement of tubing that the temperature of the 0X=
ygen leaving the regulator at -35°C., is increased to ap- =
proximately that of the room when it enters the metser. In

all other respecte the testing procedure is the same as

that for tests made at room temperature,
MEASUREMENT OF RATE OF FLOW

The rate of flow of oxygem F in terms of liters per
minute at a pressure of 7680 mm of mercury and temperature
of +20°C, is given by the relation:

3

v
Eg T (1)

txf
1
?Im

where P is air pressure in bell jar in mm of mercury
Po. standard pressure of 760 mm of mercury
Ty, standard absolute temperature of 293°CcA

T, temperature of oxygen in gas metser in °CA

v, observed flow in liters

t, observed time in minutes for flow V

V = 28,35 g where N 1s the number of revolutions
of the tangent arm of the gas meter described above when

% is observed in seconds,
t/60 1s time in minutes,

With these additional relatione and putting into squa~
tion (1) the values of the constants, there regults:

293 X 28,35 X 60 p ¥
760 X 9 T %

iy

- (2)

i

72.9 = X (3)
Tr %

—
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The foliowing example illustrates the method of deter-
mining the rate of flow,.

An oxygen rogulator was installed in the bell jar at
an alr pressure corresponding to an altlitude of 35,000 fset
(178.7 mm of mercury). The oxygen supply was. turned on and
the time interval for five revolutioneg of the tangent arm
of the meter was found to. be 16,0 seconds. The temperature
of the oxygen as meagured in the entrance chamber of the
meter was +2590. (298°CA), Substituting the known values in
equation (1) above

72.9 178,%7 X B

71
ow 298 X 16

It

= 13.7 liters per minute

If it 1s desired %o measurs the rate of flow at a few
definite altitudes the computations can be simplified by
combining the pressure P with the constant of egquation
(3)s Turther, if the time is measured for the same number
of revolutions of the tangent arm of the meter the term ¥
may also be included with the constant, Formula (3) then
becomes :

X
F:E% (4)

?
4 table may be prepared giving the values of Kl/T for the
desired altitudes and for different temperatures. -The com-
putation required for determining the rate of flow then be~
comes one of the simple division of the number properly se-
lected from the table, by the elapsed time in seconds.

EFFECT OF LEAKS

The testing apparatus should dbe leak-tight for the
best resultse A small leak which does not increase the
pressure in the bell jar at a rate exceeding about 0.2 mn
of mercury per minute has been found by experience with the
use of the apparatus not to affect appreciably the accuracy
of the method of meaguroement. It is desirable to compen-
sate for the effect of a leak, however, by openling valve
Ve and adjusting it so that the pressure within the bell
Jar remalns constant., 4 small leak in that part of the
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system lying between the meter and ithe vacuun pump and inw
¢luding tank T does not affect the results of the tests
but does impose & greater load on the pump.

Digphragm-actuated valves are used in the construction
of oxygen regulators to reduce the pressure of oxygen as it
issues from the cylinder to a predetermined value which ex-
ceeds the gtmospheric pressure. Upon failure of a dla-
phragm, which may occasionally occur, the oxygen is wasted
before it is delivered to the pilot, It is important,
therefore, that any leaks, which may be present in the reg-
ulators, be detected before the instruments are used. An
increase in the pressure indicated by barometer A 1is the
dirsct evidence of a leak in the regulator Ho which oxygen
1g being delivered from the supply cylinder,

CONCLUSIOXNS

The results of tests made on a large number of oxygen
reogulators have shown the valus of this method of test for
accurately determining the rate of flow and for detecting
leaks in the instruments. In additiorn a condition of
steady flow of the oxygen through the apparatus can be
maintained for any desired length of time., No observatlons
covering a period of less than 15 seconds are made due to
the increased ingccuracy of determining the time interval
over a shorter period. The method is an improvement over
that previously employed in that a precise control of the
air pressure to which the regulators are subjected ig ob-
tained, and in the facility with which leaks are detected,
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